Abstract: Three new methods based on titrimetric and spectrophotometric techniques are described for the determination of felodipine (FLD) in the bulk drug and in tablets using a bromate-bromide mixture and two dyes, Methyl Orange and Indigo Carmine. In the titrimetric method (method A), the drug solution was treated with a measured excess of the bromate-bromide mixture in acid medium, and after the reaction was judged to be complete, the unreacted bromine was determined iodometrically. The two spectrophotometric methods are based on the bromination of the drug with a known excess of the bromate-bromide mixture under acidic conditions followed by the estimation of the surplus bromine by reaction with either Methyl Orange (Method B) or Indigo Carmine (Method C), and measuring the absorbance at 520 nm or 610 nm, respectively. In all the methods, the amount of reacted bromine corresponds to the drug content. The titrimetric procedure is applicable for between 6-15 mg and the reaction stoichiometry was found to be 1:1 (drug: BrO 3 -). The systems obey Beer's law between 0.12 -0.87 mg ml -1 and 0.5 -6.0 mg ml -1 for methods B and C, respectively. The limits of detection and quantification are reported for both the spectrophotometric methods. The methods could usefully be applied to routine quality control of pharmaceutical formulations containing FLD. Statistical comparison of the results with the reference method shows excellent agreement and indicates no significant difference in accuracy and precision.
INTRODUCTION
Felodipine (FLD), chemically, ethyl methyl-4(2,3-dichlorophenyl)-1,4-dihydro-2, 6-dimethyl-3, 5-pyridine dicarboxylic acid-3-ethyl-5 methyl ester ( Fig. 1) , is a calcium antagonist widely used in the treatment of hypertension, heart failure
Reagents and chemicals
All the employed chemicals were of AnalaR grade and double distilled water was used throughout the study.
Bromate-bromide mixture (5 mM KBrO 3 -50 mM KBr). Prepared by dissolving 0.835 g of KBrO 3 (Sarabhai M. Chemicals, India) and 6 g of KBr (S. d. Fine Chem., India) in water and diluting to one liter in a valumetric flask and used in the titrimetric analysis. The solution was appropriately diluted to obtain 10 mg ml -1 and 30 mg ml -1 solutions, with reference to potassium bromate, for use in the spectrophotometric methods B and C, respectively.
Metyl Orange (500 mg ml -1 ). A 500 mg ml -1 stock solution was prepared by dissolving 58.82 mg of the dye (S. d. Fine Chem. Mumbai, India, 85 % dye content) in water and diluting to the mark in a 100 ml valumetric flask. This was appropriately diluted to obtain a 50 mg ml -1 solution for method B.
Indigo Carmine (100 mg ml -1 ). A 1000 mg ml -1 stock solution was prepared by dissolving 112 mg of the dye (S. D. Fine Chem. Mumbai, India, 90 % dye content) in water, and diluting to the mark in a 100 ml volumetric flask. A 100 mg ml -1 working concentration was prepared by a ten-fold dilution of the stock solution and used in method C.
Hydrochloric acid solution (5 M Starch indicator (1 %) . A paste containing 1 g of starch (S. d. Fine Chem. Mumbai, India) was poured slowly into 100 ml boiling water, boiled for 1 min and cooled.
Standard solution of FLD. Pharmaceutical grade FLD was a kind gift of Cipla India Ltd., Mumbai, India, and was used as received. A stock standard solution containing 1.5 mg ml -1 FLD was prepared by dissolving 375 mg of the pure drug in 120 ml of glacial acetic acid (S. d. Fine Chem. Mumbai, India) and diluting to the mark in a 250-ml volumetric flask. The stock solution (1500 mg ml -1 ) was diluted stepwise with 1:1 acetic acid to obtain working concentrations of 5 mg ml -1 and 20 mg ml -1 for methods B and C, respectively.
Preparation of sample solution. Felogard ER tablets (2.5 mg) marketed by Cipla India Ltd., Penil tablets (5 mg) marketed by Astra-Zeneca India Ltd., and renedil tablets (10 mg) marketed by Hoechest Marion Roussel Ltd., India were purchased from local commercial stores. Twenty tablets were weighed and ground into a fine powder. An amount of powder equivalent to 100 mg of FLD was extracted with three 10-ml portions of chloroform and filtered through a Whatman No. 42 filter paper. The combined filtrate was evaporated to dryness over a water bath, the residue dissolved in 40 ml of glacial acetic acid and the solution diluted to 100 ml with water in a volumetric flask. A 10-ml aliquot was then subjected to analysis by titrimetry as described previously. The tablet solution (1000 mg ml -1 FLD) was diluted stepwise to obtain 5 mg ml -1 and 20 mg ml -1 solutions for assay by the spectrophotometric methods B and C, respectively. Suitable aliquots of the diluted solutions were then analyzed as already described.
Methods
Titrimetry (Method A). A four to 10 ml aliquot of a standard drug solution containing 6-15 mg of FLD was placed in a 100 ml Erlenmeyer flask, diluted to 10 ml with water and mixed with 5 ml of glacial acetic acid. Then 10 ml of the bromate-bromide reagent (5 mM w. r. to KBrO 3 ) was added by means of a pipette followed by 2 ml of 5 M hydrochloric acid. The flask was stoppered, the contents were mixed well and left stand for 15 min with occasional swirling. Finally, 5 ml of 10 % potassium iodide solution was added and the liberated iodine titrated against 0.03 M sodium thiosulphate to a starch end point. A blank titration was performed and the amount of FLD in the measured aliquot was calculated from:
where: B = volume of thiosulphate consumed in the blank titration, ml; S = volume of thiosulphate consumed in the sample titration, ml; M w = relative molecular mass of the drug and R = molarity of the bromate-bromide mixture w. r. to KBrO 3 .
Spectrophotometric method B. Different aliquots of a standard FLD solution (0.50 -1.75 ml, 5 mg ml -1 ) were accurately transferred into a series of 10 ml volumetric flasks and the total volume was adjusted to 5 ml by adding requisite volume of water. To each flask was then added 1 ml of 5 M hydrochloric acid followed by 1 ml of the bromate-bromide reagent (10 mg ml -1 w. r. to KBrO 3 ). The flasks were stoppered, the contets mixed well and allowed to stand for 5 min with occasional shaking. Finally, 1 ml of 50 mg ml -1 Methyl Orange solution was added to each flask, diluted to the mark with water, mixed well and the absorbance of each solution was measured at 520 nm against a water blank after 5 minutes.
Spectrophotometric method C. Varying aliquots of a standard FLD solution (0.25-3.00 ml, 20 mg ml -1 ) were accurately transferred into a series of 10 ml volumetric flasks and the total volume was adjusted to 5 ml by adding the required amount of water. Then 1 ml of 5 M hydrochloric acid and 1.5 ml of bromate-bromide reagent (30 mg ml -1 w. r. to KBrO 3 ) were added successively, the flasks were stoppered and allowed to stand for 10 minutes with occasional shaking. Finally, 2 ml of 100 mg ml -1 Indigo Carmine solution was added, the volume was adjusted to the mark with water, and absorbance measured at 610 nm against a water blank after 5 min.
For both spectrophotometric methods, calibration graphs were prepared by plotting the absorbance versus the concentration of FLD. The concentration of the unknown was read from the calibration graph or calculated from the regression equation derived from Beer's law.
RESULTS AND DISCUSSION
Aqueous bromine solutions are unstable because of the high vapour pressure of bromine. An acidified mixture of bromate behaves as an equivalent solution of bromine and has been extensively used for the determination of inorganic and organic substances. This mixture has been widely used in the assay of a number of substances of pharmaceutical importance by indirect titrimetry 27-29 based on either redox or substitution reactions: The proposed titrimetric procedure is based on the bromination reaction between FLD and in situ generated bromine based on the mole ratio of 1:1 (FLD:KBrO 3 ) reaction scheme shown in Fig. 2 .
The effect of variables such as reagent concentration, acid concentration and contact time on the reaction stoichiometry was studied. A 2-ml volume of 5 M hydrochloric acid in a total volume of 25-30 ml was used in the procedure although 2-5 ml of acid resulted in the same stoichiometry. For the range studied, 10 ml of 5 10 -3 M bromate solution in the presence of a large excess of bromide was found adequate and a two-fold increase in the bromate concentration had no effect on the stoichiometry of the reaction. Under the described experimental conditions, the reaction was complete in 15 min and contact times of up to 30 min had no effect on either the stoichiometry or the results.
Quantitative decolouration of Methyl Orange is a known analytical method for the determination of free bromine. [30] [31] [32] [33] Further, many dyes are irreversibly destroyed to colourless products by oxidizing agents in acid medium and this observation has been exploited for the indirect spectrophtometric determination of some bioactive componenets. [34] [35] [36] [37] [38] [39] [40] In recent years, acidified solutions of bromate and bromide and dyes have been employed for the assay of several pharmaceuticals. [41] [42] [43] [44] In the proposed spectrophotometric methods, the ability of bromine to effect of bromination of FLD and irreversibly destroy Methyl Orange and Indigo Carmine to colourless products in acid medium has been used. Both methods are based on the bromination of the drug by a measured excess of in situ generated bromine in acid medium and the subsequent determination of the surplus bromine by reaction with Methyl Orange or Indigo Carmine, and measuring the absorbance at 520 nm or 610 nm. In both methods, the absorbance increased linearly with increasing concentration of FLD.
When increasing amounts of FLD are added to a fixed amount of bromine consumes the increasing amounts of bromine are consumed leading to a concomitant decrease in the concentration of the latter. When a fixed amount of either dye is added to decreaseing amounts of bromine, a concomitant increase in the dye concentration results. This is observed as a proportional increase in the absorbance of the dye at the respective wavelength of maximum absorption with increasing concentration of FLD (Figs. 3 and 4) .
Preliminary experiments were performed to fix the upper limits of the two dyes which could be spectrophotometricaly determined in acid medium, and these were found to be 5 mg ml -1 and 20 mg ml -1 for Methyl Orange and Indigo Carmine, rspectively. A bromate concentration of 1 mg ml -1 in the presence of a large excess of bromide was found to destroy the red colour due to 5 mg ml -1 Methyl Orange while the blue colour due to 20 mg ml -1 Indigo Carmine was completely bleached by 4.5 mg ml -1 bromate in the presence of excess of bromide. Hence, different amounts of FLD were reacted with 1 ml of 10 mg ml -1 bromate in method B (Methyl Orange) and 1.5 ml of 30 mg ml -1 bromate in method C (Indigo Carmine) in acid medium and in the presence of a large excess of bromide followed by the determination of residual bromine as described under procedures B and C.
Hydrochloric acid was found to be an ideal medium for the bromination of the drug by in situ generated bromine and the determination of the excess bromine employing the two dyes. The absorbance of the dyes was not effected in 0.125 -1.25 M hydrochloric acid. However, since 1.0 M concentration of acid was found to be optimum for the brominaton reaction in a reasonable time of 5 and 10 min in methods B and C, respectively, the same concentration was maintained for the determination of the unreacted bromine with the dyes, and even this contact time was not critical. Any delay up to 30 min had no effect on the absorbance. A 5 min standing time was found to be necessary for the complete bleaching of the dye colour by the residual bromine. The colours of both dyes in acid medium were indefinitely stable, but the colours were only stable for a few days in the presence of the bromination product.
A linear correlation was found between absorbance at l max and the concentration ranges given in Table I . The correlation coefficients, intercepts and slopes of the calibration data are also presented in Table I . The graphs showed a negligible intercept, as seen from the regression equation:
(where Y is the absorbance, a the intercept, b the slope and X the concentration in mg ml -1 ) obtained by the least squares method. Other sensitivity parameters, such as molar absorptivity, Sandell sensitivity, detection as well as quantification limits are also compiled in Table I and are indicative of the very high sensitivity of the methods.
The accuracy of the proposed methods was established by analyzing the pure drug at three levels (within the working limits) and the precision was ascertained by calculating the relative standard deviation (RSD) of seven replicate determina- tions on the same solution containing pure drug at three different levels. The relative error (%) and RSD values summarized in Table II reveal the high accuracy and precision of the methods. For a better picture of the reproducibility on a day to day basis, the analyses were preformed on standard drug solutions at three for 5 days.
The day-to-day RSD values were in the range of 1.75 -3.6 % which represents the best appraisal of the methods in daily routine use. Beer's law limits/ mg ml The methods were applied to the assay of FLD in tablets available on the local market. The results are tabulated in Table III . The drug content of the same batch tablets were checked by the method reported by Meyyanathan et. al. 24 It can be seen that there is close agreement between the results obtained by the proposed methods and the established method. The results were also compared statistically by a Student's t-test for accuracy and a variance ratio F-tes for precision with those of the reference method at 95 % confidence level. The results of the statistical analyses are given in Table III . They show that the proposed methods are comparable to the reference method in terms of accuracy and precision.
The accuracy and reliability of the methods were further established by performing recovery studies. Pre-analysed tablets were spiked with pure FLD at three different levels and the total was found by the proposed methods. Each determination was repeated three times. The recoveries of the pure drug added were in the range 98.46 -103.24 %, indicating that commonly added excipients and additives did not interfere with the determinations.
CONCLUSIONS
Three methods have been developed and appropriately validated for the assay of FLD in tablets with the goal of product quality assessment. Many common inactive ingredients present in the tablets do not interfere under the experimental conditions described. The titrimetric method is the first ever proposed for felodipine and has a long and dynamic range of determination. The spectrophotometric methods are easier to perform and use an instrument which is inexpensive compared to those used in many-reported techniques. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Furthermore, no expensive or toxic reagents or organic solvents are required. The methods are rapid and do not involve any stringent experimental conditions, which influence the sensitivity and reliabil-ity of the methods. The most striking advantage of the spectrophotometric methods is the high sensitivity, which surpasses the sensitivity of most of the previously reported methods, including those based on HPLC. Thus, while retaining the speed, accuracy and precision of other methods, the proposed methods are superior in terms of simplicity and convenience, and are therefore suitable for routine analysis. Predlo`ene su tri nove metode zasnovane na titrimetriji i spektrofotometriji za odre|ivawe felodipina (FLD) u sirovini ili tabletama kori{}ewem sme{e bromat-bromid i dve boje, metil oran`i indigo karmin. Kod titrimetrijske metode (metoda A) rastvor felodipina tretira se odmerenim vi{kom sme{e bromat-bromid u kiseloj sredini, a posle zavr{ene reakcije neproreagovani brom se odre|uje jodometrijski. Dve spektrofotometrijske metode zasnivaju se na bromovawu felodipina poznatim vi{kom sme{e bromat-bromid u kiseloj sredini i odre|ivawu vi{ka broma reakcijom sa metil oran`(metoda B) ili indigo karminom (metoda C), merewem absorbance na 520 nm odn. 610 nm. Kod svih ovih metoda izreagovana koli~ina broma odgovara sadr`aju felodipina. Titrimetrijska procedura je primenqiva pri sadraju od 6-15 mg a reakcija je po stihiometriji 1 : 1 (felodipin : BrO 3 -). Sistem se pokorava Berovom zakonu u oblasti 0,12 -0,87 mg ml -1 za metodu B i 0,5 -0,6 mg ml -1 za medotu C. Date su i granice detekcije i ta~nost odre|ivawa za obe spektrofotometrijske metode. Metode se mogu korisno upotrebiti pri rutinskim kontrolama farmaceutskih formulacija koje sadr`e FLD. Statisti~ko upore|ewe rezultata ovih ispitivawa sa referentnom metodom pokazuje odli~no slagawe i nikakvo zna~ajno odstupawe u pogledu ta~nosti i preciznosti.
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